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SUPERSONIC AERODYNAMIC CHARACTERISTICS OF A 
TWO- STAGED SPACE -SHUTTLE MODEL HAVING 
A DELTA-WING ORBITER MATED ATOP 
A WINGED BOOSTER 

By Ernald B. Graves 
Langley Research Center 

SUMMARY 

An investigation has been conducted in the Langley Unitary Plan wind tunnel to 
determine the static aerodynamic characteristics of a two-staged space-shuttle system 
consisting of a delta-wing orbiter mated atop ("piggy-back") a winged booster. The 
tests were performed at Mach numbers from 2.30 to 4.60 at a Reynolds number of 
8.2 x 10® per meter (2.50 x 10® per ft). 

The test results of the ascent (mated) configuration indicated nonlinear pitching- 
moment variations with lift coefficient and only limited aileron and rudder-control effec- 
tiveness. The orbiter configuration also exhibited nonlinear pitchmg- moment character- 
istics and indicated stable trim capability for only a relatively low angle -of- attack range. 
The data also indicated that the orbiter rudder was ineffective at high angles of attack and 
at the higher test Mach numbers. The booster configuration (with vertical fins) also pro- 
duced nonlinear pitching moments and, because of pitch-up, indicated stable trim only up 
to angles of attack of about 4° at Mach numbers to 2.96. At higher Mach numbers low- 
angle instability occurred but with second stable trim points of about 25° at a Mach num- 
ber of 3.95 and about 59° at 4.60. Use of ventral fins o < the booster eliminated the pitch- 
up but increased the negative pitching- moment values near zero lift. 

INTRODUCTION 

The National Aeronautics and Space Administration is currently conducting studies 
of several space-shuttle systems designed to provide low-cost reusable space-flight 
vehicles. One of the configurations being developed is a two- staged system wherein a 
delta-wing orbiter is mated atop a winged booster designed for vertical launch. Each 
stage is planned to have the capability of landing on conventional airport runways. As a 
part of this configuration study, tests have been performed in the Langley Unitary Plan 
wind tunnel at Mach numbers from 2.30 to 4.60 to determine the static aerodynamic char- 



acteristics of the booster and orbiter vehicles as well as of the mated system. The tests 
were performed at a Reynolds number of 8.2 x 10® per meter (2.50 x 10® per ft). 

SYMBOLS 


Aerodynamic coefficients are referenced to the body- axis system except for lift 
and drag which are referenced to the stability- axis system. For the ascent (mated) con- 
figuration the moment reference is at 71.3 percent of the body length of the booster; for 
the booster the moment reference is at 67.1 percent of the body length of the booster; and 
for the orbiter the moment reference is at 67.0 percent of the body length of the orbiter. 
Values are given in SI units and the equivalent values are given parenthetically in U.S. 
Customary Units. Measurements were made in U.S. Customary Units. The symbols are 
defined as follows: 


b 

C, 


C D 

c D,o 




'm 


'mu 


reference wing span 
axial- force coefficient, 


drag coefficient, 


Drag 
qS. 


w 


zero- lift drag coefficient 
Lift 


lift coefficient. 


qSw 


lift- curve slope per degree (near a = 0 °) 

Rolling moment 


rolling-moment coefficient, 




/AC, \ 

effective dihedral parameter per degree, — - 

\ /0=O°,3° 

AC 7 

roll-control parameter per degree at a « 0 °, 

A 6 

.... , „ . , Pitching moment 

pitching- moment coefficient, — 

qcs^, 

AC m 

pitch- control parameter per degree at a ~ 0 °, — — — 

A 0 


pitching-moment coefficient at zero lift 


2 



'N 


'n 


'n 




' n 6 

: p,b 

'P,c 

: p,n 


normal-force coefficient, 


Normal force 

qSw 


yawmg- moment coefficient, X rn° m ent 

* qb^ 

directional- stability parameter per degree, 

\ A P/( 3=0°, 
A C n 

yaw- control parameter per degree at a ~ 0°, — - 

A 6 


base- pressure coefficient, 


Pb-P 


P - P 

chamber -pressure coefficient, — 


P n - P 

nozzle-pressure coefficient, — 


side-force coefficient, Su *e fo . rce 


qS, 


w 


side-force parameter per degree, 


reference chord of wing 


ACy 


/j3= 0°,3° 


-g- 


center of gravity 




lift- drag ratio 


L/D) max maximum lift-drag ratio 


free- stream Mach number 


free- stream static pressure 


base static pressure 


chamber static pressure 


nozzle static pressure 


free-stream dynamic pressure 



base area 


S c chamber area 

S n nozzle area 

Sy, reference area of wing 

x ac /Z aerodynamic-center location from body nose, percent body length 
a angle of attack, degrees 

angle of sideslip, degrees 

6 control- surface angle, accompanied by subscript denoting surface or surface 

rudder deflected (positive, trailing edge down or left when viewed from 
downstream) 

Model nomenclature: 

B b booster body 

B Q orbiter body 

E orbiter elevon 

e booster elevon 

L5 combination of booster body, wing, canard, and vertical fins (basic booster 

configuration) 

L8 combination of booster body, wing, canard, and ventral fins 

02 combination of orbiter body, wing, and vertical tail (basic orbiter 

configuration) 

R orbiter vertical tail 

U booster ventral fin 
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v,v b 

booster vertical fin 

W b 

booster wing 

W 0 

orbiter wing 


APPARATUS AND METHODS 
Tunnel 

The investigation was conducted in the high Mach number test section of the Langley 
Unitary Plan wind tunnel which is a variable -pres sure, continuous -flow facility. The test 
section is about 1.22 meters (4 ft) square and 2.13 meters (7 ft) long, and the nozzle 
leading to the test section is of the asymmetric sliding-block type which permits a con- 
inuous variation in Mach number from about 2.3 to 4.7. 

Models 

Drawings of the models are shown as figure 1, and photographs of the models are 
jresented as figure 2. 

Booster-alone configuration .- The booster model consisted of a body, a high aft- 
nounted wing with tip fins, and a low-mounted jet canard. The wing had NACA 0010-64 
irfoil sections with 3° of incidence and 7.7° dihedral. The leading-edge sweep of the 
ring was 44°. Elevons were provided on the wing trailing edge with the capability of 
'eflectmg ±20° in 10° increments. Wing- tip fins were provided for both vertical and 
entral positions. These fins had 25° of rollout and trailing-edge rudders which deflected 
0° outboard in the vertical position (L5 configuration) and 10° inboard in the ventral posi- 
lon (L8 configuration). The rudders could be positioned from 10° to -20° in 10° incre- 
lents. Unless otherwise noted, booster data presented in this paper will be for the 
,5 configuration. The canard was rectangular in planform and had NACA 63-018 air- 
Dil sections and 3° of incidence. 

Orbiter-alone configuration .- The orbiter model had a low delta wing that was 
lended into the body and had wing sections that consisted of NACA 0012-64 at the root 
ipenng to NACA 0010-64 at the tip. The wing had 10° dihedral, 2° incidence, and 55° 
;ading-edge sweep. Trailing-edge elevons were furnished in the wing with deflection 
apability from 0° to -45° in 15° increments. A center-line vertical tail including a 
udder was also provided with rudder deflections of 0° and 10°. 

Launch configuration .- The launch or ascent configuration consisted of the orbiter 
lounted atop the booster with 0° incidence. Wing-tip fin rudders were positioned at 0° 
Election. The orbiter was balance -mounted to a strut that was rigidly fastened to the 
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booster model. Only a minimum of clearance was maintained between the two models to 
prevent fouling. 


Test Conditions 

The tests were performed at the following conditions: 


- 

Configuration 

Range of a, 
deg 

Launch (mated) 

Orbiter 

Booster 

-10 to 10 
-10 to 35 
-10 to 60 


Mach number 

Stagnation 

temperature 

Stagnation 

pressure 


K 

°F 

kN/m2 

lb/ft2 

2.30 

338.7 

150 

91.690 

1915 

2.96 

338.7 

150 

129.803 

2711 

3.95 

352.6 

175 

231.214 

4829 

4.60 

352.6 



175 

321.133 

6707 


The Reynolds number was held constant at 8.2 x 10® per meter (2.50 x 10® per ft) 
except where model loads exceeded the balance limits. Test-section dewpoint tempera- 
ture was maintained sufficiently low so as to assure negligible condensation effects. 

Transition strips composed of single-spaced No. 45 sand grit placed three diame- 
ters apart were affixed to the wing and fin surfaces 1.0 centimeter (0.4 in.) aft of the 
leading edges in a streamwise direction and around the nose of each model 3.05 centi- 
meters (1.2 in.) aft of the nose apex. 

Measurements and Corrections 

Forces and moments were measured on each model by means of internally mounted 
six-component strain-gage balances which, in turn, were rigidly fastened to an aft sting- 
support system. For the launch configuration, the balance in the orbiter was fastened to 
a strut which emerged from the underside of the orbiter and was rigidly fastened to the 
booster model. 

Pressures were measured in the balance chamber and at the base of each model. 
For the booster model, the pressure was also measured at the base of the nozzle. 

Angles of attack and sideslip have been corrected for sting-balance deflection due 
to aerodynamic loads on the model. In addition, angles of attack have been corrected for 
tunnel airflow misalinement. 

The axial-force and drag- coefficient data have been adjusted to correspond to free- 
stream conditions acting over the base, chamber, and nozzles (where applicable) of each 
model. For the launch configuration, no adjustments were made for the base and chambt 
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Dressures acting on the orbiter model. Typical values of base, chamber, and nozzle pres- 
sure coefficients for the various configurations are shown in figure 3 . 


DATA-REDUCTION CONSTANTS 

Coefficient data presented in this paper are based on the following reference 
quantities- 

Ascent and booster configurations: 

S w = 0.046 m2 (0.490 ft2) ''i q} imenS i ons are no t consistent with booster- 

b = 0 4267 m (16.80 m) > mo del dimensions. (See fig. 1(c).) 

c = 0.4267 m (16.80 in ) J 
S b = 0.00167 m2 (0.017986 ft2) 

S c = 0.00155 m2 (0.01667 ft 2 ) 

S n = 0.00057 m2 (0.00618 ft 2 ) 

Drbiter configuration: 

S w = 0.0252 m2 (0.2716 ft2) 
b = 0.22936 m (9.030 in.) 
c = 0.1314 m (5.174 in.) 

S b = 0.00136 m2 (0.01469 ft2) 

S c = 0.00067 m2 (0.00721 ft2) 

PRESENTATION OF RESULTS 

^ 1 

The results of the tests are presented in the following figures: 

Figure 


Ascent configuration : 

Effect of booster components on longitudinal characteristics 4 

Effect of orbiter components on longitudinal characteristics 5 

Effect of booster vertical-fin rudder deflection on longitudinal characteristics . . 6 

Effect of booster- elevon deflection- in- roll on longitudinal characteristics 7 

Lateral characteristics in sideslip 8 

Booster vertical-fin rudder-control effectiveness 9 

Booster-elevon roll-control effectiveness 10 

Lateral-stability parameters 11 

Summary of characteristics 12 

Effect of booster components on longitudinal characteristics of orbiter 13 

Effect of orbiter components on longitudinal characteristics of orbiter 14 

Lateral characteristics of orbiter in sideslip 15 
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Figure 


Orbiter configuration : 

Elevon pitch-control effectiveness 16 

Effect of elevon deflection-in-roll on longitudinal characteristics 17 

Effect of vertical-tail rudder deflection on longitudinal characteristics 18 

Lateral characteristics in sideslip 19 

Effect of elevon deflection-in-pitch on lateral characteristics 20 

Elevon roll-control effectiveness 21 

Effect of vertical-tail rudder deflection on lateral characteristics 22 

Lateral- stability parameters 23 

Summary of characteristics 24 

Booster configuration : 

Elevon pitch-control effectiveness 25 

Effect of vertical location of wing-tip fins on longitudinal characteristics 26 

Effect of elevon deflection-in-roll on longitudinal characteristics 27 

Effect of vertical-fin rudder deflection on longitudinal characteristics 28 

Effect of ventral-fin rudder deflection on longitudinal characteristics 29 

Lateral characteristics in sideslip 30 

Effect of vertical location of wing- tip fins on lateral characteristics 31 

Effect of elevon deflection- in-pitch on lateral characteristics 32 

Elevon roll-control effectiveness 33 

Effect of vertical-fin rudder deflection on lateral characteristics 34 

Effect of ventral-fin rudder deflection on lateral characteristics 35 

Lateral- stability parameters 36 

Summary of characteristics 37 


DISCUSSION 
Ascent Configuration 

It should again be noted that the reference dimensions used in presenting both 
booster and launch data are greater than those dictated by model geometry. The control- 
effectiveness parameters presented would be somewhat greater when using the actual 
dimensions of the model. 

The variation of pitching- moment coefficient with lift coefficient is relatively non- 
linear (fig. 4). The lateral data are reasonably linear with angle of sideslip at angles of 
attack near 0° and 10° (fig. 8 ). Rudder -control effectiveness (fig. 9) is limited and is 
accompanied by adverse rolling moments. Booster-aileron control (fig. 10) also appears 
limited, especially at the higher test Mach numbers, and adverse yawing moments are 
encountered. The summary data (fig. 12) show a general decrease in Ct , Cr> r>. C 7 , 

*-*C£ L 0 
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and C n g with increase in Mach number. In addition, a large forward movement in 
aerodynamic-center location with increase in Mach number occurs and the static margin 
decreases rapidly for this test range investigated. It is felt that the unstable character- 
istics of the model seen in figure 4 are a result of the moment reference location for the 
configuration being well aft of a realistic center-of- gravity location. A realistic center- 
of-gravity variation for the vehicle m this Mach number range may be noted in figure 12. 

Orbiter Configuration 

The pitching- moment variations with lift coefficient (fig. 16) are nonlinear to the 
extent that, for the center -of -gravity location of these tests, the orbiter model can achieve 
stable trim only up to a ~ 15° at M = 2.30 with 6g = -45°. This trim range reduced 
to a ~ 12° at M = 2.96, to about 8° at M = 3.95, and to about 3° at M = 4.63. The 
elevon did produce positive pitching moments, but the large negative C m>0 and the non- 
lineanties precluded the achievement of high trim angles of attack. Values of (L/D) max 
vary from about 3.0 to 2.5 with increasing Mach number (fig. 24). 

Roll control is provided by the elevons throughout the test angle- of- attack and Mach 
number ranges (fig. 21); however, unfavorable yawing moments are encountered at the 
higher test angles of attack. The yaw-control capability of the vertical-tail rudder 
decreases markedly with increasing Mach number and angle of attack such that at the 
highest Mach numbers and angles of attack the rudder becomes ineffective (fig. 22) and 
slightly adverse rolling moments are encountered. 

Booster Configuration 

The variation of pitching moment with lift is quite nonlinear, indicating low-angle 
stable trim only up to a ~ 4° at M = 2.30 and 2.96 with second trim points occurring 
at higher angles of attack. Second trim points occurred between a ~ 25° at M = 3.95 
and a ~ 50° at M = 4.60 with instability occurring at low angles of attack (fig. 25). A 
comparison of wing- tip ventral fins (L8) with wing- tip vertical fins (L5; see fig. 26) shows 
that the ventral-fm configuration has a more negative C m 0 but provides a slightly 
higher Cl and maximum Cl- Although the stability level of the two configurations 
is essentially the same at low angles of attack, the pitch-up characteristics of the booster 
are considerably improved through the addition of the ventral fins. Pitch-control effec- 
tiveness was not investigated for the configuration with the ventral fms. However, an 
examination of both the data obtained with the vertical fins in combination with the basic 
data (L5) and the data obtained with the ventral fins (L8) indicates that, in spite of the 
more negative values of pitching- moment coefficient at zero lift, the L8 configurations 
should achieve higher trim angles of attack because of the improved linearity. 

The elevons are effective in producing rolling moment (fig. 33); and although this 
effectiveness decreases with Mach number at low angles of attack, there is an increase 
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in effectiveness with increasing angle of attack, particularly with increasing Mach number. 
However, adverse yawing moments are associated with elevon roll control. The vertical- 
fin rudder is effective in producing yawing moment (fig. 34) and some adverse roll although 
these moments tend to decrease with increasing Mach number and angle of attack. The 
ventral-fin rudders are much less effective than the vertical-fm rudders in producing 
yawing moment and even cause some yaw reversal and large positive increments of roll 
(fig. 35). 

The lateral stability characteristics for the booster configuration (fig. 36) are quite 
nonlinear; and the directional stability, in general, appears to be inadequate for the 
moment reference point of these tests. 

CONCLUDING REMARKS 

An investigation has been conducted m the Langley Unitary Plan wind tunnel to 
determine the static aerodynamic characteristics of a two-staged space-shuttle system 
consisting of a delta-wmg orbiter mated atop ("piggy-back”) a winged booster designed 
for vertical launch. The tests were performed at Mach numbers from 2.30 to 4.60 at a 
Reynolds number of 8.2 x 10® per meter (2.50 x 10® per ft). 

The test results of the ascent (mated) configuration indicated nonlinear pitching- 
moment variations with lift coefficient and only limited aileron and rudder- control effec- 
tiveness. The orbiter configuration also exhibited nonlinear pitching- moment character- 
istics and indicated stable trim capability for only a relatively low angle -of -attack range. 
The data also indicated that the orbiter rudder was ineffective at high angles of attack and 
at the higher test Mach numbers. The booster configuration (with vertical fins) also pro- 
duced nonlinear pitching moments and, because of pitch-up, indicated stable trim only up 
to angles of attack of about 4° at Mach numbers to 2.96. At higher Mach numbers low- 
angle instability occurred but with second stable trim points of about 25° at a Mach num- 
ber of 3.95 and about 50° at 4.60. Use of ventral fins on the booster eliminated the 
pitch-up but increased the negative pitching- moment values near zero lift. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Hampton, Va., July 13, 1972. 
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(a) Ascent configuration. 

Figure 1.- Drawings of models. Unless otherwise noted, all dimensions are in centimeters (in.) 
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Figure 2.- Photographs of models. 
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Figure 2.- Continued. 
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Figure 2.- Concluded. 
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(a) Ascent configuration (booster only). 

Figure 3.- Typical variation of pressure coefficients with angle of attack. 
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(b) Orbiter configuration. 


Figure 3.- Continued. 
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(c) Booster configuration. 
Figure 3.- Concluded. 
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(a) M = 2.30. 

Figure 4.- Effect of booster components on longitudinal characteristics. 

Ascent configuration. 
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(a) Continued. 
Figure 4.- Continued 





(a) Concluded. 


Figure 4 


Continued 
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(b) M = 2.96. 
Figure 4.- Continued. 
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(c) Continued. 
Figure 4.- Continued. 
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(d) M = 4.60. 
Figure 4.- Continued. 













(a) M = 2.30. 


Figure 5.- Effect of orbiter components on lor 

Ascent configuration 
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(a) Continued. 
Figure 5.- Continued. 
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(a) Concluded. 
Figure 5.- Continued 




04 



a deg 


(b) M = 2.96. 
Figure 5.- Continued. 
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(b) Concluded. 
Figure 5.- Continued. 






Figure 5.- Continued. 
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Figure 5.- Continued 
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(d) M = 4.60. 
Figure 5.- Continued. 
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(d) Concluded. 
Figure 5.- Concluded. 
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o deg 


(a) M = 2.30. 


Figure 6.- Effect of booster vertical-fm rudder deflection on 
longitudinal characteristics. Ascent configuration. 
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(a) Continued. 
Figure 6.- Continued. 
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(b) M = 2.96. 
Figure 6.- Continued. 
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(b) Continued. 


Figure 6.- Continued. 
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(c) M = 3.95. 


Figure 6.- Continued. 
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(c) Continued. 


Figure 6.- Continued. 
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(c) Concluded. 


Figure 6.- Continued. 
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(d) M = 4.60. 
Figure 6.- Continued. 
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(b) M = 2.96. 
Figure 7.- Continued. 
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(c) M = 3.95. 
Figure 7.- Continued. 
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(d) M = 4.60. 
Figure 7.- Continued. 
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(a) M = 2.30. 

Figure 8.- Lateral characteristics in sideslip. Ascent configuration. 
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(c) M = 3.95. 
Figure 8.- Continued. 
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(a) M = 2.30. 

Figure 9.- Booster vertical-fin rudder-control effectiveness. 
Ascent configuration. 
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(a) M = 2 30. 

Figure 10.- Booster- elevon roll-control effectiveness. 
Ascent configuration. 
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(d) M = 4.60. 
Figure 10.- Concluded. 
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(a) M = 2.30. 

Figure 11.- Lateral-stability parameters. 


Ascent configuration 
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(c) M = 3.95. 
Figure 11.- Continued. 
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Figure 12.- Summary of characteristics. 
Ascent configuration. 
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Figure 13.- 


(a) M =2.30. 

Effect of booster components on longitudinal characteristics 
of or biter. Ascent configuration. 
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(a) Continued. 


Figure 13.- Continued. 
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(a) Concluded. 
Figure 13.- Continued. 
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(c) M = 3.95. 
Figure 13.- Continued. 
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(c) Continued. 
Figure 13.- Continued. 
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(c) Concluded. 
Figure 13.- Continued. 
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(d) M = 4.60. 


Figure 13.- Continued. 
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(d) Concluded'. 


Figure 13.- Concluded. 
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(a) Continued. 
Figure 14.- Continued. 
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(b) Continued. 
Figure 14.- Continued. 
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(c) M = 3.95. 
Figure 14.- Continued. 
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(c) Continued. 
Figure 14.- Continued. 
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(d) Continued. 
Figure 14.- Continued 
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Figure 14.- Concluded. 
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(b) M = 2.96. 


Figure 15.- Continued. 
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(c) M = 3.95. 


Figure 15.- Continued. 
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c deg 


(a) M = 2.30. 


Figure 16.- Elevon pitch-control effectiveness. Orbiter configuration. 


.4 







(a) Concluded. 
Figure 16.- Continued. 
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(b) Concluded. 
Figure 16.- Continued. 
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(c) Continued. 
Figure 16.- Continued. 
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(a) M = 2.30. 

Figure 17.- Effect of elevon deflection-m-roll on longitudinal 
characteristics. Orbiter configuration. 
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(a) Continued. 
Figure 17.- Continued. 










(b) Continued. 
Figure 17.- Continued. 







(c) Continued. 
Figure 17.- Continued. 




(c) Concluded. 
Figure 17.- Continued. 
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(d) M = 4.60. 


Figure 17.- Continued. 
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(a) M = 2.30. 


Figure 18.- Effect of vertical-tail rudder deflection on longitudinal 
characteristics. Orbiter configuration. 
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(b) Continued. 
Figure 


18.- Continued. 















(c) Continued. 
Figure 18.- Continued. 
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(c) Concluded. 
Figure 18.- Continued. 
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(d) M = 4.60. 
Figure 18.- Continued. 
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(d) M = 4.60. 
Figure 19.- Concluded. 
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(a) M = 2.30. 

deflection- m-pitch on lateral characteristics, 
■biter configuration. 
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(a) M = 2.30. 


Figure 21.- Elevon roll-control effectiveness. Orbiter configuration. 
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a deg 

(c) M = 3.95. 
Figure 21.- Continued. 
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(a) M = 2.30. 

Figure 22.- Effect of vertical-tail rudder deflection on 

Or biter configuration. 


lateral characteristics 






a deg 


(b) M = 2.96. 
Figure 22.- Continued. 
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(d) M = 4.60. 
Figure 23.- Concluded. 
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Figure 24.- Summary of characteristics. 
Or biter configuration. 
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(a) Continued. 


Figure 25.- Continued. 
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Figure 25.- Continued. 
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(b) Continued. 
Figure 25.- Continued. 
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(b) Concluded. 


Figure 25.- Continued. 
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(c) Continued. 
Figure 25.- Continued. 
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(c) Concluded. 
Figure 25.- Continued. 
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(d) Continued. 
Figure 25.- Continued. 
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(a) Continued. 
Figure 26.- Continued. 
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(a) Concluded. 
Figure 26.- Continued. 
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(b) Continued. 
Figure 26.- Continued. 
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(b) Concluded. 
Figure 26.- Continued. 
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(c) Concluded. 
Figure 26.- Continued. 
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(d) M = 4.60. 
Figure 26.- Continued. 
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(d) Concluded. 
Figure 26.- Concluded. 
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(a) M = 2.30. 

Figure 27.- Effect of elevon deflection-in-roll on longitudinal 
characteristics. Booster configuration. 
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(a) Concluded. 
Figure 27.- Continued. 
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(b) M = 2.96. 
Figure 27.- Continued. 
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(b) Concluded. 
Figure 27.- Continued. 
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(c) Continued. 
Figure 27.- Continued. 
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(c) Concluded. 
Figure 27.- Continued. 
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(d) M = 4.60. 
Figure 27.- Continued. 
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(d) Continued. 


Figure 27.- Continued. 
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(d) Concluded. 


Figure 27.- Concluded. 
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(a) Continued. 
Figure 28.- Continued. 
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(c) M = 3.95. 
Figure 28.- Continued. 
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(c) Continued. 
Figure 28.- Continued. 
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(c) Concluded. 
Figure 28.- Continued. 
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(d) M = 4.60. 
Figure 28.- Continued. 
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(d) Concluded. 
Figure 28.- Concluded. 
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a deg 


(a) M = 2.30. 

Figure 29.- Effect of ventral-fin rudder deflection on longitudinal 
characteristics. Booster configuration. 
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(a) Continued. 
Figure 29.- Continued. 
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(a) Concluded. 
Figure 29.- Continued. 
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(c) M = 3.95. 
Figure 29.- Continued. 
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Figure 29.- Continued. 
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(d) M = 4.60. 
Figure 29.- Continued. 
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(d) Continued. 
Figure 29.- Continued. 
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(a) M = 2.30. 


Figure 30.- Lateral characteristics in sideslip 
Booster configuration. 
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(b) M = 2.96. 
Figure 30.- Continued. 
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(c) M = 3.95. 
Figure 30.- Continued. 
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(d) M = 4.60. 
Figure 30.- Concluded. 
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(a) M = 2.30. 


Figure 31.- Effect of vertical location of wing-tip fms on lateral 
characteristics. Booster configuration. 
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(b) M = 2.96. 


Figure 31.- Continued. 
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(c) M = 3.95. 
Figure 31.- Continued. 
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(d) M = 4.60. 
Figure 31.- Concluded. 
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(a) M = 2.30. 

Figure 32.- Effect of elevon deflection- m-pitch on lateral 
characteristics. Booster configuration. 
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(b) M = 2.96. 


Figure 32.- Continued. 
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(c) M = 3.95. 
Figure 32.- Continued. 
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(d) M = 4.60. 
Figure 32.- Concluded. 





(a) M = 2.30. 

Figure 33.- Elevon roll-control effectiveness. 
Booster configuration. 
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(b) M = 2.96. 
Figure 33.- Continued. 
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(d) M = 4 .60. 
Figure 33.- Concluded. 
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(b) M = 2.96. 
Figure 34.- Continued. 
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(c) M = 3.95. 
Figure 34.- Continued. 
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(d) M = 4.60. 
Figure 34.- Concluded. 
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(a) M = 2.30. 

Figure 35.- Effect of ventral-fin rudder deflection on lateral 
characteristics. Booster configuration. 
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(b) M = 2.96. 
Figure 35.- Continued. 


252 





a deg 

(c) M = 3.95. 
Figure 35.- Continued. 
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(a) M = 2.30. 


Figure 36.- Lateral-stability parameters. 
Booster configuration. 
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(b) M = 2.96. 
Figure 36.- Continued. 
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(c) M = 3.95. 
Figure 36.- Continued. 


257 




Crip 


a deg 
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Figure 36.- Concluded 
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Figure 37.- Summary of characteristics. 
Booster configuration. 
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